This article will focus on the underlying perceptual deficits that might lead to inadequacies in motor performance in children. Two lines of enquiry have dominated the literature: visual-perceptual deficit and/or visualmotor deficits and proprioceptive deficits. The theoretical and methodological shortcomings in these approaches are discussed. Then attention is primarily directed toward the concept of inter-and intra-modal matching (sensory integration), particularly with respect to vision and proprioception, an ability deemed to underlie many real-life motor skills. Such an approach allows parallels to be drawn between behavioral manifestations of motor impairment and potential underlying neurological informationprocessing disorders, particularly as these relate to hemispheric competence.
INTRODUCTION

Definitions and Etiology
The possibility that the neural factor in many cases of motor impairment may stem from circumstances other than those of brain damage has remained relatively unexplored As a result of this situation, a child with obvious difficulties in skill learning may not be recognized as being impaired because of the failure of any test of brain damage to identify the cause (Morris & Whiting, 1971, p. 155) .
Nearly 30 years after this statement was made, a review of the literature will confirm that attempts to explore its implications have been few and far between. Where this has happened, researchers have been wary of elaborating upon, or delving too deeply into, possible nomological networks. This paper is a step towards redressing that imbalance, its departure point being that neuropsychological factors may figure more prominently in explanations of motor impairment than has been appreciated.
Some reasons for this apparent neglect can be attributed to the fact that the concept of motor impairment is both diffuse and ill defined.
Attempts to refine definitions to distinguish the phenomenon from extant disease entities may, it is suggested here, have resulted in throwing out the baby with the bath water. Motor impairment is a concept that has been discussed in the literature for at least 75 years (for example, Orton, 1937; Walton et al., 1962; Morris & Whiting, 1971; Gubbay, 1975; example, Brenner et al., 1967; Gubbay, 1975; Henderson & Hall, 1982; Meland, 1992; American Psychological Association, 1994 ). Meland's (1992; Sovik & Meland, 1986) 6% estimate, based on the use of standardized tests, of the number of school-age children in Norway manifesting the motor impairment syndrome is very similar to estimates made in other countries (Brenner et al., 1967; Gubbay, 1975; Henderson & Hall, 1982) when similar criteria have been invoked. Most prevalence studies report a much higher incidence of motor impairment in boys than in girls (Gubbay, 1978; Henderson & Hall, 1982; Keogh et al., 1979; Meland, 1992 (Rutter, 1978; Stevenson, 1984; Gaddes, 1985; Stein, 1994; American Psychological Association, 1994) . Perhaps more noteworthy in the present context is a reported overlap of between 40% and 70% in the number of children exhibiting both motor and language impairments (Paul et al., 1983; Wolff et al., 1995; Rintala et al., 1998; Nickisch, 1998; Estil et al., 2003) . The suggestion that this overlap is unlikely to be fortuitous led Estil and Whiting (2002) Meland, 1986; Sigmundsson et al., 1997a) although the tendency in the literature has been to do just that. That this may be an unfortunate omission is attested to by Dodd et al., (1989) (Gubbay et al., 1965; Dare & Gordon, 1970; Henderson & Hall, 1982; Hulme et al., 1982a; Hulme, et al., 1982b; Hulme et al., 1984; Hulme & Lord, 1986; Powell & Bishop, 1992) and the proprioceptive (Bairstow & Laszlo, 1981; Laszlo & Bairstow, 1985; Laszlo et al., 1988; Smyth, 199 l; (Sherrington, 1906) methodological frameworks in which they have been couched have limited their impact. As a consequence, there has been little consensus as to the causal agencies underlying such putative deficiencies in the form, for example, of neurological lag or impairment (for example, Hulme et al., 1982a,b; 1984; Hulme & Lord, 1986; Laszlo & Bairstow, 1985; Laszlo et ai., 1988; Laszlo, 1990; Laszlo & Sainsbury, 1993; Smyth, 1991; .
With respect to visual-perceptual deficits, Hulme et al., (1982a; 1984) , using a task of linelength matching within or between the modalities of vision and proprioception, and Hulme and Lord (1986) concluded that for many children their 'clumsiness' stems from a difficulty in processing visual information (for example, size consistency; visual discrimination). Unfortunately, the authors did not explore the nature of the putative 'visual deficits'. Did the problem reside in the sense organs, the visual perceptual system, decisionmaking based on limited visual information, a deficient effector system or combinations of all these?
Other researchers have focused on deficiencies in proprioceptive sensitivity and its role in relation to impaired perceptuo-motor performance (Laszlo & Bairstow, 1985; Laszlo et al., 1988 (Laszlo & Bairstow, 1985; Laszlo et al., 1988) . Be that as it may, Doyle et al. (1986) also questioned their use of the constant stimuli methodology, particularly the failure to take cognizance of the constraints associated with this procedure, namely, the values of the stimuli relative to the threshold and the number of observations made at each value . Furthermore, Elliott et al. (1988) and Sugden and Wann (1988) (Henderson, 1993 (Henderson & Sugden, 1992) was used, the children being ranked on the basis of their summed scores on the five hand-eye co-ordination subteststhrowing a bean bag, following a flower trail, playing bounce and catch, placing pegs, threading a lace. The HECP sample used in Sigmundsson et al. (1997a, b) and Sigmundsson (1999) (Laszlo & Bairstow, 1985; Hofsten & R6sblad, 1988; R6sblad & Hofsten, 1992; Lee et al., 1990; 1997) . In this way it has been possible to draw parallels between behavioral manifestations of 'clumsiness' and possible underlying neurological information-processing disorders, particularly as these relate to hemispheric competence. This research was facilitated by the elaboration of an earlier developed testing instrument for sensory integration (Sandstrom, 1953; Sandstrom & Lundberg, 1956; Hofsten & R6sblad, 1988 Sigmundsson (1999) study.
Studies carried out using sensory matching testing procedures (see Table 1 ) (Sigmundsson et al., 1997a,b; Sigmundsson, 1999) produced evidence of significant differences in inter-and intra-modal matching between right-handed HECP and normal children (age ranges 5 to 8 years) when combined scores for both hands were analyzed. The analysis of scores achieved with the right and left hand separately, however, demonstrated that the differences between the HECP and the control children could, in the main, be attributed to lowered performances when the left hand (nonpreferred hand) was used for matching the located target position. Further, intra-group analyses of the HECP children produced evidence of significant asymmetrical differences in intra-modal matching when the children were required to locate targets with the right hand and match the located target's position with the left hand compared to the condition in which they were required to locate with the left hand and match with the right hand. The performance in the latter condition was superior.
When the HECP children were required to use the left hand (right hemisphere mediation) to match the located target, their respective error scores under the visual as compared to the proprioceptive condition were 20 mm and 36 mm. The control children in this respect had 14 mm and 24 mm in error scores (see Fig. 1 ). When using the right hand (left hemisphere mediation) to match the located targets, however, the respective error scores of the HECP children under the visual, as compared to the proprioceptive condition, were 22 mm and 25mm. The error scores of the control children were 14 mm and 22 ram. These findings strongly suggest that the HECP children have input/planning problems when they are made dependent upon proprioceptive information picked up via the right hand (Sigmundsson et al., 1999a Sigmundsson et al. (2002) followed up this possible 'visual deficit' and found that clumsy children have a problem regarding visual processing, namely, they can have impaired visual sensitivity in both the dorsal and ventral streams. 2. HEMl-task." 'Toe-hand' matching. This task, in principle, provides the possibility to distinguish between intra-and inter-hemispheric competences in 'on-line' (namely, no proprioceptive/ tactile memory trace (off-line) is involved) target location-matching. Using the foot rather than the hand to locate targets allows the possibility of examining performance when the information processing involved is within hemispheres as well as between hemispheres (a possibility that is not afforded when the hand is used for location and the other hand for matching) (Sigmundsson et al., 1999a) . Such a procedure, it was thought, might provide a window into information processing in the brain. The findings from a study (Sigmundsson et al., 1999a) carried out on a different group of 7-year-old right-handed HECP children showed that they did manifest inferior performance to the control children in 3 of 4 conditions where the right hemisphere was involved and/or information had to be transported across the corpus callosum (Table 1) .
The left hand-right hemisphere problems shown (Table 1) Bogen (1990; , and Waal et al. (2000) about hemispheric specialization, these findings could be accounted for by right hemispheric insufficiency (lesion/disconnection) (Geschwind, 1975; Faglioni & Basso, 1985; Heilman & Rothi, 1993) with or without a dysfunctional corpus callosum which, in turn, might be attributable to slow maturation (Yakolev & Lecours, 1967; Trevarthen, 1974; Galin et al., 1977; O'Learv, 1980; Ouinn & Geffen, 1986) (Kalat, 1995; Jeeves, 1990 (Sigmundsson, 1999) . Remember, however, that the 'threading nuts on bolt' task, in the manner prescribed, is a purely distal task and dependent upon which hand is being used for the action, controlled by the contralateral hemisphere (Jeannerod, 1988; Shafer, 1993) . Asymmetry in performance was also shown between the hands in the HECP group of children but not in children with no apparent hand-eye coordination problems (Sigmundsson, 1999) .
These findings, it might be speculated, suggest that insufficiency within the right hemisphere, with or without a dysfunctional corpus callosum, could be a possible factor contributing to the problems that motor-impaired children are reported to encounter in more complex everyday fine-motor skills like needlework, dressing, doing up buttons, and shoelaces etc. (for a review see Smyth, 1992) and in 'almost' every task when temporal constraints are imposed.
Analyses using lateralization-dependent variables showed a marked difference between the performances of the two hands in the HECP groups only, in favor of the right hand (preferred hand). The lateralization effect has only received minimal Although, the distal/proximal distinction will not be pursued here, it has recently been the tbcus of experimental work on motor impaired children by Sigmundsson et al., (1999b). attention by research workers in this field, one of the exceptions being that of Armitage and Larkin (1993) , who found a higher prevalence of crossed dominance in clumsy populations. Thus, the results of earlier studies in which scores derived from only the preferred hand or a combination of both hands was used (Laszlo & Bairstow, 1985; Bairstow & Laszlo, 1981; Smyth, 1991 Smyth, , 1994 Hulme et al., 1982a Hulme et al., ,b, 1984 Murphy & Gliner, 1988; Williams et al., 1992; , Henderson et al., 1994 , might, on the basis of the findings reported here, need to be qualified.
CONCLUSION
Previous research on perceptual deficits involving clumsy children have been confined to identifying deficits in particular abilities without any attempt to tease out their underlying mechanisms or causal links between underlying neural processing and behavior (Sigmundsson et al., 2002) . Achieving the latter requires a processoriented approach, which attempts by appropriate experimentation to tease out the ways in which these children organize their actions in time and space. This approach, grounded in a multidisciplinary framework, has been the departure point for recent research in our group.
We suggest that the findings from our studies are behavioral manifestations of a putative neurological abnormality. This notion then raises the question of causation. The etiology of clumsiness has, generally, been couched in terms of nature versus nurture: prenatal or perinatal brain damage or limitations in postnatal experience. Dare and Gordon (1970) noted that clumsy children are often classified as having minimal cerebral dysfunction, or minimal brain damage. This view is supported by Gubbay (1975) and Hadders-Algra (2000) who argue that a continuum of neurological damage underlies motor impairment, and that an overlap exists between cerebral palsy (a condition manifested by poor control of movement (Stanley & Alberman, 1984) and clumsiness. Sugden and Keogh (1990) pointed out that: 'In all cases of cerebral palsy there is a evidence of brain damage as the basic cause of the problem, although location of the damage often cannot be specified ' (p. 11) .
In the studies reported in the present article, the children with HECP have particular problems in using the non-preferred hand in both sensory integration and visual motor tasks (threading nuts onto a bolt). This result suggests that the default argument (minimal brain damage) pursued by Dare and Gordon (1970) and Gubbay (1975) might have to be revisited. Lack of experience may also be a reason why the functioning of these children might be deficient (Bairstow & Laszlo, 1989; Henderson, 1992) . If, for example, the children with HECP use their nonpreferred hand only minimally, then one consequence might be that the hemisphere controlling that hand will develop differentially from the hemisphere controlling the preferred hand (for overview see Bogen, 1990 ). Nevertheless, cause and effect, in this case, is difficult to determine: inherent processing difficulties in the hemisphere controlling the nonpreferred hand may lead to avoidance of the use of the hand wherever possible. Such avoidance, in turn, may further delay or limit the development of inter-callosal communication (Preilowski, 1972 (Preilowski, , 1990 Jeeves, 1990) . Thus, a vicious circle of limited use and limited development may ensue.
